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SEMICONDUCTOR BONDING STRUCTURE
AND PROCESS

PRIORITY CLAIM AND CROSS-REFERENCE

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/531,878, filed Nov. 3, 2014, and
entitled “Semiconductor Bonding Structure and Process,”
which is a continuation of U.S. patent application Ser. No.
13/660,374, filed Oct. 25,2012, now U.S. Pat. No. 8,878,355,
and entitled “Semiconductor Bonding Structure and Pro-
cess,” which applications are hereby incorporated herein by
reference.

BACKGROUND

[0002] Generally, a first semiconductor device with a par-
ticular functionality may be utilized with a second semicon-
ductor device that may have a different, yet complementary,
functionality in order to obtain the benefits from both the first
semiconductor device and the second semiconductor device.
Alternatively, a substrate such as a printed circuit board or
interposer may be utilized to help provide connectivity and
support to the first semiconductor device. These devices may
be physically and electrically connected to each other using a
physical and electrical bonding technique.

[0003] Such bonding techniques serve a dual purpose. In a
first purpose any material chosen to help bond the first semi-
conductor device to the second semiconductor device pro-
vides an electrically conductive path between electrical con-
nections on the first semiconductor device and the second
semiconductor device. As such, the material chosen conducts
electricity and also forms an electrical bridge between the
electrical connections.

[0004] Inthe other purpose the material chosen to bond the
first semiconductor device to the second semiconductor
device provides a level of physical connection between the
first semiconductor device and the second semiconductor
device. Without such a physical connection, the first semi-
conductor device may not be fully supported in relation to its
positions with the second semiconductor device. As such,
during movement or even during normal operation and use
the first semiconductor device may shift its position, causing
the alignment of the electrical connections on the first semi-
conductor device and the electrical connections on the second
semiconductor device to shift and potentially causing the
electrical connections to become unconnected, leading to an
inability of the first semiconductor device and the second
semiconductor device to exchange electrical signals with
each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] For a more complete understanding of the present
embodiments, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction with
the accompanying drawings, in which:

[0006] FIGS.1A-1B illustrate a first semiconductor device
and a second semiconductor device to be bonded in accor-
dance with an embodiment;

[0007] FIGS.2A-2B illustrate contact a first bonding mate-
rial with a second bonding material in accordance with an
embodiment;

[0008] FIGS. 3A-3B illustrate halting the flow of a eutectic
bonding material in accordance with an embodiment;
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[0009] FIGS. 4A-4E illustrate patterns that may be utilized
to halt the eutectic bonding material in accordance with an
embodiment;

[0010] FIGS. 5A-5B illustrate patterns that may be used
with the first bonding material to assist to halting the flow of
the eutectic bonding material in accordance with an embodi-
ment; and

[0011] FIG. 6 illustrates trenches that may be utilized along
with the patterns in accordance with an embodiment.

[0012] Corresponding numerals and symbols in the differ-
ent figures generally refer to corresponding parts unless oth-
erwise indicated. The figures are drawn to clearly illustrate
the relevant aspects of the embodiments and are not neces-
sarily drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0013] The making and using of the present embodiments
are discussed in detail below. It should be appreciated, how-
ever, that the present disclosure provides many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the dis-
closed subject matter, and do not limit the scope of the dif-
ferent embodiments.

[0014] Embodiments will be described with respect to a
specific context, namely a eutectic bonding of two semicon-
ductor devices. Other embodiments may also be applied,
however, to other bonding processes.

[0015] Withreference now to FIG. 1A, there is shown a first
semiconductor device 101 and a second semiconductor
device 103 that will be bonded to the first semiconductor
device 101. In an embodiment the first semiconductor device
101 may be a semiconductor die with functional circuitry
designed to provide a desired functionality while the second
semiconductor device 103 may also be a semiconductor die
with functional circuitry designed to work with or comple-
ment the functionality of the first semiconductor device 101.
Alternatively, one of the first semiconductor device 101 and
the second semiconductor device 103 may comprise func-
tional circuitry, while the other one provides additional con-
nectivity and routing, such as being an interposer or other type
of packaging. Any suitable combination of devices that may
be electrically or physically bonded together are fully
intended to be included within the scope of the embodiments.
[0016] The first semiconductor device 101 may comprise a
first substrate 105, first active devices 107, first metallization
layers 109, a first passivation layer 111, and a first bonding
material 113. The first substrate 105 may comprise bulk sili-
con, doped or undoped, or an active layer of a silicon-on-
insulator (SOI) substrate. Generally, an SOI substrate com-
prises a layer of a semiconductor material such as silicon,
germanium, silicon germanium, SOI, silicon germanium on
insulator (SGOI), or combinations thereof. Other substrates
that may be used include multi-layered substrates, gradient
substrates, or hybrid orientation substrates. Additionally,
interposer substrates or organic substrates may also be
included within the scope.

[0017] The first active devices 107 (only one of which is
illustrated in FIG. 1A for clarity) may be formed on the first
substrate 105. As one of ordinary skill in the art will recog-
nize, the first active devices 107 may include a wide variety of
active and passive devices such as capacitors, resistors, induc-
tors and the like may be used to generate the desired structural
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and functional requirements of the design for the first semi-
conductor device 101. The first active devices 107 may be
formed using any suitable methods either within or else on the
surface of the first substrate 105.

[0018] The first metallization layers 109 may be formed
over the first substrate 105 and the first active devices 107 and
are designed to connect the various active devices 107 to form
functional circuitry. While illustrated in FIG. 1A as a single
layer, the first metallization layers 109 may be formed of
alternating layers of dielectric (e.g., low-k dielectric material)
and conductive material (e.g., copper) and may be formed
through any suitable processes (such as deposition, dama-
scene, dual damascene, etc.). In an embodiment there may be
four layers of metallization separated from the first substrate
105 by at least one interlayer dielectric layer (ILD), but the
precise number of first metallization layers 109 is dependent
upon the design of the first semiconductor device 101.
[0019] The first passivation layer 111 may be formed on the
first substrate 105 over the first metallization layers 109. The
first passivation layer 111 may be made of one or more suit-
able dielectric materials such as silicon oxide, silicon nitride,
low-k dielectrics such as carbon doped oxides, extremely
low-k dielectrics such as porous carbon doped silicon diox-
ide, combinations of these, or the like. The first passivation
layer 111 may be formed through a process such as chemical
vapor deposition (CVD), although any suitable process may
be utilized, and may have a thickness between about 0.5 pm
and about 5 um, such as about 9.25 KA.

[0020] The first bonding material 113 may be formed over
and through the first passivation layer 111 in order to provide
an electrical connection between the first metallization layers
109 and the second semiconductor device 103 (the bonding
process is described further below with respect to FIGS.
2A-3B). Inan embodiment the first bonding material 113 may
be utilized along with a second bonding material 123 (de-
scribed further below) in order to form a eutectic bond
between the first bonding material 113 and the second bond-
ing material 123. This bonding may be utilized to provide the
physical and electrical bonds between the first semiconductor
device 101 and the second semiconductor device 103.
[0021] As such, the material utilized for the first bonding
material 113 is complementary to the material utilized for the
second bonding material 123 to obtain a eutectic bond. As
such, while the precise materials chosen for the first bonding
material 113 is dependent at least in part on the material
chosen for the second bonding material 123, in an embodi-
ment in which the second bonding material 123 is chosen to
be aluminum, the first bonding material 113 may be a eutectic
bonding material such as germanium or silicon. However, if
the second bonding material 123 is germanium, the first bond-
ing material 113 may be aluminum. Alternatively, in an
embodiment in which the second bonding material 123 is
silicon, the first bonding material 113 may be aluminum or
gold. Any suitable combination of materials for the first bond-
ing material 113 and the second bonding material 123 that
will form a eutectic bond may alternatively be utilized, and all
such combinations are fully intended to be included within
the scope of the embodiments. The first bonding material 113
may be formed using physical vapor deposition (PVD) or
chemical vapor deposition (CVD), although any other suit-
able process may alternatively be utilized.

[0022] The first bonding material 113 may be one or more
layers of materials, and may be sized and shaped to provide
enough of the first bonding material 113 to react with a
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portion of a second bonding material 123 located on the
second semiconductor device 103 (as described further below
with respect to FIGS. 2A-3B). Additionally, in an embodi-
ment the second bonding material 123 is patterned such that
individual patterns in the second bonding material 123 are not
enough form a eutectic compound with the first bonding
material 113. As such, the reaction between the first bonding
material 113 and the second bonding material 123 will be
reactant limited as a eutectic product of the reaction begins to
spread. By limiting the reaction that produces the eutectic
product, the lateral spread of the eutectic product will also be
limited, thereby preventing the spread of the eutectic product
any limiting any undesired electrical shorts from forming.
[0023] As such, while the precise dimensions of the first
bonding material 113 may be determined in part based upon
the material and amount of the second bonding material 123,
in an embodiment in which the second bonding material 123
is aluminum and shaped as discussed below, the first bonding
material 113 may be formed in a block shape with a first
length 1, of between about 2 um and about 80 um, such as
about 30 pm, and a first width w, of between about 2 um and
about 80 um, such as about 30 um. Additionally, the first
bonding material 113 may have a first thickness t, of between
about 0.1 pm and about 1 um, such as about 0.5 um.

[0024] The second semiconductor device 103 may com-
prise a second substrate 115, second active devices 117, sec-
ond metallization layers 119, a second passivation layer 121,
and a second bonding material 123. In an embodiment the
second substrate 115, the second active devices 117, the sec-
ond metallization layers 119, and the second passivation layer
121 may be similar to the first substrate 105, the first active
devices 107, the first metallization layers 109, and the first
passivation layer 111, respectively. Alternatively, the second
substrate 115, the second active devices 117, the second met-
allization layers 119, and the second passivation layer 121
may be different from the first substrate 105, the first active
devices 107, the first metallization layers 109, and the first
passivation layer 111. Additionally, as described above, the
second semiconductor device 103 may comprise no second
active devices 117 and may be an interposer or other type of
substrate used to provide connectivity and support to the first
semiconductor device 101.

[0025] The second bonding material 123 may be one or
more layers formed over and through the second passivation
layer 121 in order to provide an electrical connection between
the second metallization layers 119 and the first semiconduc-
tor device 101 (the bonding process is described further
below with respect to FIGS. 2A-3B). In an embodiment the
second bonding material 123 is a complementary material
with the first bonding material 113 such that, when the two
materials are mixed at an appropriate temperature and com-
position, a eutectic compound is formed. As such, while the
precise material of the second bonding material 123 is depen-
dent at least in part on the material chosen for the first bonding
material 113, in an embodiment in which the first bonding
material 113 is germanium the second bonding material 123
may be, e.g., aluminum. However, any other suitable material
pairs, such as gold-gold, copper-copper, Aluminum-Alumi-
num, Al—Si, Au—Si, Au—Ge, or the like, may alternatively
be utilized.

[0026] The second bonding material 123 may be formed
using a deposition process such as chemical vapor deposition
(CVD), plasma assisted chemical vapor deposition
(PECVD), physical vapor deposition (PVD), combinations of
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these, or the like, in order to form a blanket layer (not indi-
vidually illustrated in FIG. 1A) of the second bonding mate-
rial 123. Once the blanket layer of the second bonding mate-
rial 123 has been formed, the blanket layer of the second
bonding material 123 is patterned in such a fashion as to
provide an initiating amount of the second bonding material
123 and a halting amount ofthe second bonding material 123.
In an embodiment the initiating amount is used to initiate
eutectic reaction with the first bonding material 113 and, at
intervals surrounding the initial amount of the second bond-
ing material 123, the halting amount is utilized to help drive
the compound out of the eutectic phase.

[0027] Forexample, FIG. 1B illustrates one embodiment of
the second bonding material along line B-B' in FIG. 1A in
which the second bonding material 123 is patterned in a grid
pattern, with an inner initiating amount of the second bonding
material 123 (represented in the dashed box labeled 130) and
an outer halting amount of the second bonding material 123
(represented in the dashed box labeled 132). In this embodi-
ment the grid pattern may be a square grid of seven individual
blocks 131 of the second bonding material 123 per side of the
grid.

[0028] Additionally, the individual blocks 131 are sized
and shaped so that the initiating amount 130 of the second
bonding material 123 provides enough of the second bonding
material 123 to initiate and maintain the eutectic reaction with
the first bonding material to form the eutectic product. As
such, while the dimensions of the individual blocks 131 will
be dependent at least in part on the size and shape of the first
bonding material 113, in an embodiment in which the second
bonding material 123 is aluminum the individual blocks 131
may have a second length 1, of between about 0.5 pym and
about 5 um, such as about 2 um, and a second width w, of
between about 0.5 pm and about 5 um, such as about 2 pm.

[0029] Additionally, the individual blocks 131 may have a
second thickness t, (see FIG. 1A) of between about 0.1 um
and about 2 um, such as about 1 um, and may be spaced apart
from one another a first distance d, of between about 0.5 um
and about 5 pum, such as about 2 pm. The second thickness t,
may also be utilized, if desired, to precisely tune the specific
amount of the second bonding material 123 that is desired. If
additional second bonding material 123 is desired, for
example, to modify the composition of the eutectic com-
pound that will form, then the second thickness t, may be
increased to put additional amounts of the second bonding
material 123 where desired. Additionally, ifless second bond-
ing material 123 is desired, the second thickness t, may be
reduced.

[0030] FIGS. 2A-2B illustrate a step in a bonding process
whereby the first semiconductor device 101 and the second
semiconductor device 103 are placed in contact with each
other by placing the first bonding material 113 in contact with
the initiating amount 130 of the second bonding material 123,
with FIG. 2B illustrating a plan view along line B-B' in FIG.
2A. In an embodiment where eutectic bonding is desired, the
firstbonding material 113 (e.g., germanium) and the initiating
amount 130 of the second bonding material (e.g., aluminum)
may result in a composition sufficient to initiate a eutectic
reaction between the first bonding material 113 and the sec-
ond bonding material 123. For example, the combined mate-
rials of the first bonding material 113 and the initiating
amount 130 of the second bonding material 123 may have a
germanium composition of between about 25% and about
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35%, such as about 28%, and may have an aluminum com-
position of between about 65% and about 75%, such as about
72%.

[0031] To initiate the eutectic reaction between the first
bonding material 113 and the second bonding material 123, a
temperature of the first bonding material 113 and the second
bonding material 123 is raised to a eutectic point of the
materials. As such, while the precise temperature is depen-
dent at least in part upon the materials chosen for the first
bonding material 113 and the second bonding material 123, in
an embodiment in which the first bonding material 113 is
germanium and the second bonding material 123 is aluminum
as described above, the temperature of the first bonding mate-
rial 113 and the second bonding material 123 may be
increased to greater than the eutectic point of about 419° C.

[0032] When the first bonding material 113 and the second
bonding material 123 are in contact with each other at the
right composition and their temperature is raised past the
eutectic temperature point, the first bonding material 113 and
the second bonding material 123 will react and form a eutectic
composition bonding material 201 in a liquid phase. This
eutectic composition bonding material 201 begins to flow and
provides for the electrical connection between the first semi-
conductor device 101 and the second semiconductor device
103.

[0033] Additionally, pressure may be added to the first
bonding material 113 and the second bonding material 123 by
applying one or more forces to the first semiconductor device
101 and the second semiconductor device 103. The precise
pressure utilized may be dependent at least in part upon the
status of the first semiconductor device 101 and the second
semiconductor device 103, such as their size, bonding area,
warpage, or the like. This pressure also helps to drive the
eutectic reaction and helps to position the first semiconductor
device 101 and the second semiconductor device 103 for the
final bonding. However, as pressure is applied to the first
semiconductor device 101 and the second semiconductor
device 103, pressure is also applied to the eutectic composi-
tion bonding material 201 in its liquid phase, causing the
eutectic composition bonding material 201 to flow in poten-
tially uncontrollable and undesirable fashion.

[0034] FIGS. 3A-3B illustrate an embodiment that may be
used to control this flow of the eutectic composition bonding
material 201. As can be seen, the eutectic composition bond-
ing material 201, while providing for the electrical connec-
tion between the first semiconductor device 101 and the sec-
ond semiconductor device 103, has also begun to flow away
from its original location. If left by itself, the flow of the
eutectic composition bonding material 201 (driven by the
pressure from the bonding process) may extend uncontrolla-
bly to another conductive portion of either the first semicon-
ductor device 101 or the second semiconductor device 103,
thereby causing a undesired short-circuit.

[0035] To counter-act the undesired flow of the eutectic
composition bonding material 201, the halting amount 132 of
the second bonding material 123 is provided. As the eutectic
composition bonding material 201 flows away from its initial
position within the center of the grid, the eutectic composition
bonding material 201 will come into contact with the indi-
vidual blocks 131 that make up the halting amount 132 of the
second bonding material 123 that surrounds the initial loca-
tion eutectic composition bonding material 201. This contact
will help to contain the flow of the eutectic composition
bonding material 201.
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[0036] In particular, when the eutectic composition bond-
ing material 201 comes into contact with the individual
blocks 131 of the halting amount 132 of the second bonding
material 123 (e.g., aluminum), the additional second bonding
material 123 present in the halting amount 132 of the second
bonding material 123 will alter the composition of those
portions of the eutectic composition bonding material 201 in
immediate contact with the halting amount 132 of the second
bonding material 123. This altering of the composition of the
eutectic composition bonding material 201 will drive those
portions of the eutectic composition bonding material 201 out
of'the composition range that forms the eutectic compound at
the process temperature. This will cause those portions of the
eutectic composition bonding material 201 with the addi-
tional second bonding material 123 to shift to a solid, thereby
preventing the flow of the eutectic composition bonding
material 201 from continuing.

[0037] Additionally, in an embodiment in which there are
multiple rows of the individual blocks 131, the further away
from the initial location that the eutectic composition bonding
material 201 flows, the greater the number of individual
blocks 131 the eutectic composition bonding material 201
will come into contact with. As such, if the eutectic compo-
sition bonding material 201 remains in the eutectic phase
after contacting a first row of the individual blocks 131, the
eutectic composition bonding material 201 will continue to
flow and will contact another row that will add even more of
the second bonding material 123 to the eutectic composition
bonding material 201 and driving the eutectic composition
bonding material 201 further away from the eutectic point at
the temperature of the bonding process. As such, the second
row (or other additional rows depending upon the number of
rows utilized) will serve as a back stop to the first row.

[0038] Once the eutectic composition bonding material
201 has been used to make the electrical connection between
the first semiconductor device 101 and the second semicon-
ductor device 103, the bonding process may be continued by
lowering the temperature of the eutectic composition bonding
material 201 below its eutectic point. By lowering the tem-
perature, the eutectic composition bonding material 201 will
phase change back into a solid, thereby physically bonding
the first semiconductor device 101 and the second semicon-
ductor device 103. For example, while the precise tempera-
ture will be dependent at least in part on the materials and
compositions chosen, in an embodiment in which the first
bonding material 113 is germanium and the second bonding
material 123 is aluminum in the compositions described
above, the temperature of the eutectic composition bonding
material 201 may be lowered below the eutectic point of about
419° C.

[0039] However, as one of ordinary skill in the art will
recognize, the precise process conditions, such as the process
temperature utilized during the bonding process and the
reduction in process temperature utilized to change the eutec-
tic composition back in to a solid, are at least in part depen-
dent upon the desired compositions of the first bonding mate-
rial 113 and the second bonding material 123. For example, in
an embodiment in which the combination of'the first bonding
material 113 and the initiation portion of the second bonding
material 123 has a germanium concentration of about 10 atom
% and an aluminum concentration of about 90 atom %, the
process temperature may need to be increased to greater than
around 620° C. to reach the eutectic point and may need to be
lowered below around 620° C. in order to make the eutectic
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composition solidify. All such variations on composition and
their respective eutectic points and temperatures may alter-
natively be utilized, and all are fully intended to be included
within the scope of the embodiments.

[0040] By using the halting amount 132 of the second
bonding material 123 to help control the flow of the eutectic
composition bonding material 201, the overall space required
for the connection in order to make sure that there is no
undesired connections may be reduced. This helps to reduce
the pattern density, size and layout utilized for connecting the
first semiconductor device 101 to the second semiconductor
device 103, while still maintaining a lower contact resistance
than by arbitrarily reducing the size of the layout. Addition-
ally, by patterning the second bonding material 123, the pat-
tern may also be used as a process aligner or a bonding shift
monitor, thereby alleviating additional steps to form these
structures independently from the second bonding material
123.

[0041] FIGS. 4A-4E illustrate that, while the grid pattern
illustrated above with respect to FIG. 1B is one embodiment
that may be used, such a description is not intended to limit
the embodiments. Rather, a wide variety of patterns may be
used to pattern the second bonding material 123 in order to
provide both an initiating amount 130 of the second bonding
material as well as the halting amount 132 of the second
bonding material. FIG. 4A illustrates that the individual
blocks 131 may be arranged so as to add more second bonding
material 123 at corners of the grid pattern.

[0042] FIG. 4B illustrates that, instead of having a grid
comprising similarly sized and shaped blocks 131, a series of
blocks 131 and lines 133 may be utilized within the grid. By
using lines 133 along with the individual blocks 131, addi-
tional halting material 131 of the second bonding material
123 may be added where desired. For example, in FIG. 4B
additional material is added in lines that overlap each other
along the flow path of the eutectic composition bonding mate-
rial 201.

[0043] FIG. 4C illustrates that the lines 133 may be
arranged in various encircling shapes 135, such as an octago-
nal shape illustrated in F1G. 4C. By using an encircling shape
135, the halting amount 131 of the eutectic composition
bonding material 201 may, in addition to providing a halt to
the eutectic reaction, may also provide a physical barrier to
the flow of the eutectic composition bonding material 201
until the eutectic reaction is halted and the eutectic composi-
tion bonding material 201 resolidifies.

[0044] FIG. 4D illustrates a grid pattern laid out in a non-
uniform manner. For example, the rows of the grid may be
offset from each other. Such a pattern helps to disrupt the flow
of the eutectic composition bonding material 201 and helps
the eutectic composition bonding material 201 come into
contact with the halting amount 131 of the second bonding
material 123.

[0045] FIG. 4E illustrates yet another embodiment in
which a series of encircling shapes 135 (in this embodiment in
the shape of encircling rectangles) are utilized to help prevent
the flow of the eutectic composition bonding material 201. By
using a series of encircling shapes, one may act as a backstop
to the other in case one fails.

[0046] FIGS. S5A-5B illustrates another embodiment in
which the second bonding material 123 is patterned (as
described above with respect to FIGS. 1A-4E) and the first
bonding material 113 is patterned as well. In the embodiment
illustrated, the staggered grid pattern described above with
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respect to FIG. 4D is utilized as the pattern for the second
bonding material 123. Additionally, the first bonding material
is patterned, for example, into a square pattern encircling an
“I” shape. Such patterning of the first bonding material 113
allows for a flow of the eutectic composition bonding material
201 both towards the center of the first bonding material 113
as well as away from the center of the first bonding material
113.

[0047] FIG. 5B illustrates another patterning of the first
bonding material 113 that may be utilized. In this embodi-
ment the first bonding material 113 is patterned into a series of
square shapes set out in a two by two grid. Such a patterning
allows each of the square shapes of the first bonding material
113 to flow (once it has reacted with the second bonding
material 123) independently from each other until the flows
come into contact.

[0048] FIG. 6 illustrates yet another embodiment that may
be used in conjunction with the initiating amount 130 and the
halting amount 132 of the second bonding material 123 to
help prevent undesirable flow. In this embodiment trenches
601 may be formed in either the first semiconductor device
101 (as illustrated in FIG. 6) or in both the first semiconductor
device 101 and the second semiconductor device 103. These
trenches 601 serve as a backstop to the halting amount 132 of
the second bonding material 123 and help to contain the
eutectic composition bonding material 201 in case the eutec-
tic composition bonding material 201 gets past the halting
amount of the second bonding material 123.

[0049] In an embodiment the trenches may be formed uti-
lizing, e.g., a photolithographic masking and etching process
whereby a photosensitive material (not individually illus-
trated) is applied to the first semiconductor device 101,
exposed to a patterned energy source such as light, and devel-
oped to form a mask. Once developed, the mask is utilized to
pattern the underlying first semiconductor device 101 to form
the trenches 601 using, e.g., a dry etch process, although any
suitable etching process may alternatively be utilized. The
trenches 601 may be formed to have a third width w, of
between about 0.5 um and about 5 um, such as about 2 um,
and may be formed to a depth of a second distance d, of
between about 0.5 pm and about 40 pm, such as about 20 um,
although any suitable dimension may alternatively be uti-
lized.

[0050] In accordance with an embodiment, a semiconduc-
tor device comprises a first substrate and a second substrate.
A eutectic bonding material is interposed between the first
substrate and the second substrate, the eutectic bonding mate-
rial comprising an initiating portion with a first proportion of
a first eutectic component and a second eutectic component
and a halting portion surrounding the initiating portion, the
halting portion having a second proportion of the first eutectic
component and the second eutectic component that is difter-
ent from the first proportion. The semiconductor device also
comprises a block laterally separated from the eutectic bond-
ing material, wherein the block comprises the first eutectic
component. The eutectic bonding material bonds the first
substrate and the second substrate.

[0051] In accordance with another embodiment, a semi-
conductor device comprises a first eutectic bonding material
disposed between a first substrate and a second substrate, the
first eutectic bonding material having a first composition
comprising a first eutectic component and a second eutectic
component. The semiconductor device also comprises a sec-
ond eutectic bonding material adjacent the first eutectic bond-
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ing material, the second eutectic bonding material having a
second composition comprising the first eutectic component
and the second eutectic component, wherein the second com-
position is different from the first composition. The semicon-
ductor device also comprises a third eutectic bonding material
disposed between the first substrate and the second substrate
and separate from the first eutectic bonding material and the
second eutectic bonding material, the third eutectic bonding
material comprising the first eutectic component. The first
eutectic bonding material and the second eutectic bonding
material bond the first substrate to the second substrate.
[0052] Inaccordance with yet another embodiment, a semi-
conductor device comprises a passivation layer over a first
substrate, a second substrate, and a eutectic bonding material
bonding the first substrate to the second substrate. The eutec-
tic bonding material comprises a first portion comprising a
first concentration of a first eutectic component and a second
concentration of a second eutectic component and a second
portion comprising a third concentration of the first eutectic
component and a fourth concentration of the second eutectic
component, wherein the third concentration is different from
the first concentration and the fourth concentration is differ-
ent from the second concentration. The semiconductor device
also comprises a block separated laterally from the eutectic
bonding material, the block comprising the first eutectic com-
ponent.

[0053] Although the present embodiments and their advan-
tages have been described in detail, it should be understood
that various changes, substitutions and alterations can be
made herein without departing from the spirit and scope of the
disclosure as defined by the appended claims. For example,
many of the methods of formation discussed above can be
changed or modified as desired while remaining within the
scope of the embodiments. As another example, it will be
readily understood by those skilled in the art that the various
materials utilized be varied while still remaining within the
scope of the present disclosure.

[0054] Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure, processes, machines, manufacture, compositions
of'matter, means, methods, or steps, presently existing or later
to be developed, that perform substantially the same function
or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:
1. A semiconductor device comprising:
a first substrate;
a second substrate;
a eutectic bonding material interposed between the first
substrate and the second substrate, the eutectic bonding
material comprising:
an initiating portion with a first proportion of a first
eutectic component and a second eutectic component;
and

a halting portion surrounding the initiating portion, the
halting portion having a second proportion of the first
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eutectic component and the second eutectic compo-
nent that is different from the first proportion; and
ablock laterally separated from the eutectic bonding mate-
rial, wherein the block comprises the first eutectic com-
ponent;

wherein the eutectic bonding material bonds the first sub-
strate and the second substrate.

2. The semiconductor device of claim 1, wherein the initi-
ating portion has a larger proportion of the second eutectic
component than the halting portion.

3. The semiconductor device of claim 1, wherein the first
substrate comprises a passivation layer.

4. The semiconductor device of claim 3, wherein the first
substrate comprises at least one trench formed within the
passivation layer.

5. The semiconductor device of claim 4, wherein the at
least one trench has a depth of between about 0.5 um and
about 40 um.

6. The semiconductor device of claim 5, wherein the eutec-
tic bonding material is at least partially located within the at
least one trench.

7. The semiconductor device of claim 1, wherein the first
eutectic component comprises aluminum and the second
eutectic component comprises germanium.

8. The semiconductor device of claim 1, wherein the eutec-
tic bonding material forms an electrical connection between
the first substrate and the second substrate.

9. A semiconductor device comprising:

a first eutectic bonding material disposed between a first
substrate and a second substrate, the first eutectic bond-
ing material having a first composition comprising a first
eutectic component and a second eutectic component;

a second eutectic bonding material adjacent the first eutec-
tic bonding material, the second eutectic bonding mate-
rial having a second composition comprising the first
eutectic component and the second eutectic component,
wherein the second composition is different from the
first composition; and

a third eutectic bonding material disposed between the first
substrate and the second substrate and separate from the
first eutectic bonding material and the second eutectic
bonding material, the third eutectic bonding material
comprising the first eutectic component.

wherein the first eutectic bonding material and the second
eutectic bonding material bond the first substrate to the
second substrate.
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10. The semiconductor device of claim 9, further compris-
ing a fourth eutectic bonding material disposed between the
first substrate and the second substrate and separate from the
third eutectic bonding material, the fourth eutectic bonding
material comprising the first eutectic component.

11. The semiconductor device of claim 9, wherein the first
eutectic component comprises gold and the second eutectic
component comprises silicon.

12. The semiconductor device of claim 9, wherein the first
eutectic bonding material forms an electrical connection
between the first substrate and the second substrate.

13. A semiconductor device comprising:

a passivation layer over a first substrate;

a second substrate;

a eutectic bonding material bonding the first substrate to
the second substrate, the eutectic bonding material com-
prising:

a first portion comprising a first concentration of a first
eutectic component and a second concentration of a
second eutectic component; and

a second portion comprising a third concentration of the
first eutectic component and a fourth concentration of
the second eutectic component, wherein the third con-
centration is different from the first concentration and
the fourth concentration is different from the second
concentration; and

a block separated laterally from the eutectic bonding mate-
rial, the block comprising the first eutectic component.

14. The semiconductor device of claim 13, wherein the
block is a first block in a plurality of blocks.

15. The semiconductor device of claim 14, wherein the
plurality of blocks is arranged in a row.

16. The semiconductor device of claim 13, wherein the
block is shaped to surround the eutectic bonding material.

17. The semiconductor device of claim 13, wherein the
passivation layer comprises a trench.

18. The semiconductor device of claim 17, wherein the
eutectic bonding material is at least partially located within
the trench.

19. The semiconductor device of claim 13, wherein the first
concentration is less than the third concentration.

20. The semiconductor device of claim 13, further com-
prising a second block removed from the eutectic bonding
material, the second block comprising the second eutectic
component.



